The group 1 methanol-utilizing bacteria examined in this study are gram-negative, nonsporeforming, rod-shaped organisms which use the ribulose monophosphate pathway for methanol utilization. These Previously (29, 30, 34), we described the grouping of gram-negative, methanol-utilizing bacteria on the basis of morphological characteristics, utilization of carbon compounds, cellular fatty acid composition, ubiquinone system, and electrophoretic properties of enzymes. The group 1 bacteria that we described (29, 30) are obligately methanolutilizing, nonsporeforming, gram-negative, rod-shaped organisms that have a Q-8 ubiquinone system and a cellular fatty acid composition consisting of large amounts of c16:o acid and c 1 6 : 1 acid (type A). The ribulose monophosphate pathway is supposed for methanol utilization based on detection of hexose phosphate synthetase and the lack of Phydrox ypyruvate reductase (30).
In this study, we characterized the group 1 methanolutilizing bacteria which use the ribulose monophosphate pathway for methanol utilization and found that the type strain of Methylobacillus glycogenes and other motile and nonmotile strains examined, including D-fructose-utilizing strains, were all included in this group of bacteria. Therefore, we propose emendation of the genus Methylobacillus and Methylobacillus glycogenes, in which the polarly flagellated organisms and D-fruCtOSe-UtiliZing organisms are included.
MATERIALS AND METHODS
Bacterial strains. The strains which we studied are listed in Table 1 . In addition to the bacteria described previously (29, 30) , bacteria closely related to this group were included in this study. Cultures were maintained on medium B. Medium B contained (per 1,000 ml of distilled water) 3.0 g of (NH&S04, 1.4 g of KH2P04, 3.0 g of Na2HP04, 0.2 g of MgS04 7H20, 30 mg of ferric citrate, 30 mg of CaC12 2H20, 5.0 mg of MnC12 -4H20, 5.0 mg of ZnS04 7H20, 0.5 mg of c u s o 4 5H20, 0.2 g of yeast extract, 1.0 ml of a vitamin solution, and 10 ml of methanol; the pH of this medium was adjusted to 7.1. The vitamin solution which we used contained (per 1,000 ml of distilled water) 2 mg of biotin, 400 mg of calcium pantothenate, 400 mg of pyridoxine hydrochloride, 400 mg of thiamine hydrochloride, 200 mg of p-aminobenzoic acid, 2 mg of folic acid, 2 g of inositol, 400 mg of nicotinic acid, and 200 mg of riboflavin.
Identification methods. Medium B containing methanol was used as the basal medium. Unless otherwise stated, the strains were cultivated at 30°C. Cell form, Gram reaction, motility, and flagellation were determined by using cells grown on medium B agar. Gram staining was carried out by the Hucker-Conn modification (14) . Motility was determined by the hanging drop method, and flagellation was determined by the staining method of Toda (28) and by using a preparation that was stained negatively with 2% phosphotungstic acid (pH 7.0) and an electron microscope. Granules of poly-P-hydroxybutyrate in cells cultivated in medium B containing 0.5% (wdvol) DL-P-hydroxy-n-butyric acid (sodium salt) were stained by the method of Burdon (3) . For "Achromobacter methanolophila" "Achromobacter methanolophila" "Achromobacter methanolophila" "Methanomonas methylovora" "Methanomonas methylovora" "Methanomonas methylovora" "Methanomonas methylovora" "Methanomonas methylovora" "Methanomonas methylovora subsp. thiaminophila" Methylobacillus glycogenes "Methylomonas Clara" "Methylomonas methanolica" "Methylomonas methylovora" "Protaminobacter candidus" "Protaminobacter candidus" "Protaminobacter thiaminopha-'Protaminobacter thiaminopha-"Pseudomonas inaudita" " Pseudomonas inaudita" "Pseudomonas inaudita" LPseudomonas insueta" "Pseudomonas insueta" "Pseudomonas insueta" "Pseudomonas methanolica" gus" gus"
("Methylomonas methanolica") ("Methylomonas methanolovrans") "Pseudomonas methanolica" "Pseudomonas methylotropha ' ' "Pseudomonas methylotropha" "Pseudomonas methylotropha" "Pseudomonas methylotropha" "Pseudomonas methylotropha" "Pseudomonas methylotropha" "Pseudomonas methylotropha" "Pseudomonas methylotropha" " Pseudomonas methylotropha' ' "Pseudomonas methylotropha" 'Pseudomonas methylotropha" "Pseudomonas methylotropha" ' 'Pseudomonas methylotropha" Pseudomonas sp. ATCC 21439 Pseudomonas sp. strain C   TK 0102  TK 0103  TK 0104  TK 0101  TK 0107  TK 0109  TK 0110  TK 0111  TK 0112   21275  21452  21961  21852  21369   21958  21%3  21370   2841  2842  2843  2840 TK 0122  TK 0123  TKO124  21276  TKO125  21453  TK 0126  21962  TK 0127  21704   P-1692  P-1693  P-1694  2854  2855  2856  2857   TK 0128  21960  TK 0129  TK 0130  TK 0131  TK 0132  TK 0133  TK 0134  TK 0135  TK 0136  TK 0137  TK 0138  TK 0139  TK 0140  TK 0141  TK 0144  21439  TK 0145   2858  2859   ATCC  NCIB  NCIB  NCIB  NCIB  NCIB  NCIB  NCIB  NCIB  NCIB  NCIB  NCIB  NCIB  NCIB comparisons of the methanol-utilizing bacteria and other aerobic bacteria, test media supplemented with methanol were used. Production of a fluorescent pigment was tested on King A and King B media containing 0.8% (wthol) methanol. Nitrate reduction was tested in medium B in which the (NH4)2S04 was replaced with 0.3% (wt/vol) KN03 after 1, 3, and 7 days of incubation. The methyl red and Voges-Proskauer reactions were tested in glucosephosphate-peptone broth containing 0.8% (wthol) methanol. Production of indole was determined with Kovacs reagent in 1% Tryptone broth (catalog no. 0123; Difco Laboratories, Detroit, Mich.) containing 0.8% (wt/vol) methanol. Production of hydrogen sulfide was tested on triple sugar iron agar containing 0.8% methanol for 2 weeks. Hydrolysis of gelatin was observed in stab cultures in yeast extract-peptone medium containing 12% gelatin and 0.8% (wthol) methanol after 4 weeks of incubation at 20 and 30°C. Hydrolysis of starch was determined by using an iodine solution on yeast extract-peptone agar containing 0.2% soluble starch and 0.8% (wt/vol) methanol after 1, 3, and 7 days of incubation. Production of ammonia was tested in peptone water containing 0.8% (wt/vol) methanol and Nessler reagent. Denitrification was tested in medium B containing 0.3% (wthol) KN03 instead of (NH4)2S04 that was incubated with a GasPak anaerobic system (BBL Microbiology Systems, Cockeysville, Md.). For the oxidative-fermentative test, OF basal medium (catalog no. 0688; Difco) (15) and PYP medium (36) were used as the basal media. A total of 15 carbohydrates (L-arabinose, D-xylose, D-glucose, D-mannose, D-fructose, galactose, maltose, sucrose, lactose, trehalose, D-sorbitol, D-mannitol, inositol, glycerol, and soluble starch) were sterilized by filtration, and each was added at a concentration of 0.5%. The GasPak anaerobic system was used for anaerobic cultures. Nutritional requirements were determined by using a basal medium without yeast extract and the vitamin solution in medium B . Utilization of various nitrogen compounds as sole nitrogen sources was determined in liquid basal medium B, and (NH4)2S04 was replaced by other nitrogen compounds. Urease activity was observed on modified Christensen medium (8) for up to 1 week, but glucose was replaced by 0.8% (wthol) methanol. The oxidase test was performed with cytochrome oxidase test paper (Nissui Seiyaku, Tokyo, Japan). Catalase activity was detected by pouring a 3% hydrogen peroxide solution onto colonies on medium B agar. Growth at different temperatures and growth at different pH values were tested in medium B. Tolerance to sodium chloride was tested in medium B containing 3% sodium chloride. Utilization of carbon compounds was determined in liquid basal medium B after 3 weeks of cultivation; methanol was replaced by other carbon compounds. Succinic acid, citric acid, acetic acid, and methylamine were added at concentrations of 0.15%. A total of 17 carbon compounds (L-arabinose, D-xylose, Dglucose, D-mannose, D-fructose, galactose, maltose, sucrose, lactose, trehalose, D-sorbitol, D-mannitol, inositol, glycerol, soluble starch, ethanol, and methanol) were added at concentrations of 0.5%. Utilization of methane was tested in an atmosphere containing CH4, 02, and C02 (5:4:1) with a rotary shaker in a 1,000-ml conical flask containing 300 ml of medium B without methanol. Utilization of hydrogen was tested by the same procedure as utilization of methane but in an atmosphere containing Hz, 02, and COz (8:l:l).
Cellular fatty acid composition. Cells cultivated in medium B broth at 30°C for 1 day with shaking were used for the VOL. 36, 1986 EMENDATION OF METHYLOBACILLUS 505 cellular fatty acid analysis. Cellular fatty acid composition was determined as described previously (29) . Quinone system and quinone homologs. Cells cultivated in medium B broth at 30°C for 2 days with shaking were used for the quinone analysis. Quinone systems and quinone homologs were determined as described previously (29, 31) . The abbreviations used for the ubiquinones indicate the number of isoprenoid units in the side chain (e.g., Q-7, Q-8, Q-9, etc.).
RESULTS
Phenotypic characteristics of the group 1 methanol-utilizing bacteria. All of the strains studied were gram-aegative, nonsporeforming, rod-shaped organisms. Most strains were motile by means of a single polar flagellum, but "Achromobacter methanolophila" TK 0102, TK 0103, and TK 0104, Methylobacillus glycogenes TK 0113, "Protaminobacter candidus" TK 0117 and TK 0118, and isolates TK 0156, TK 0165, TK 0174, and TK 0189 were nonmotile ( Table 2) . Acid was not produced from D-glucose and D-fructose oxidatively or fermentatively . Vitamins and amino acids were not essential for the growth of most strains. Some strains required thiamine for growth ( Table 2) . Most strains produced catalase, but "Methylomonas methylovora" TK 0108 and isolates TK 0155, TK 0160, and TK 0182 did not show catalase activity (Table 2) . Good growth was observed between pH 6.0 and 8.0. All strains grew at 30°C, but the temperature range for growth differed among strains (Table 2 ). Most strains did not grow in the presence of 3% sodium chloride, but some strains grew weakly ( Table 2 ). All strains could utilize methanol as a sole carbon source, but not methane. Most strains could also utilize methylamine, and about 50% of the strains utilized D-fructose ( Table 2 ). The phenotypic characteristics common to the strains which we studied are indicated below in the emended description of Methylobacillus glycogenes.
Cellular fatty acid composition. All of the strains studied contained large amounts of straight-chain saturated c 1 6 : O acid and unsaturated c 1 6 : 1 acid (Table 3 ). This cellular fatty acid composition is type A (29) . Small amounts of straightchain saturated C14:o acid, acid, C17:0 acid, C18:o acid, and C19:o acid, straight-chain unsaturated C18:1 acid, cyclopropane C17:o acid, and 3-OH C1o:o hydroxy acid were also detected.
Quinone system. All of the strains studied had the Q-8 ubiquinone system, as well as ubiquinone Q-7 and Q-9 as minor components (Table 3) .
DISCUSSION
The 65 strains of methanol-utilizing bacteria examined in this study shared almost the same phenotypic characteristics, as well as the same cellular fatty acid composition and ubiquinone system. Furthermore, the presence of the ribulose monophosphate pathway for methanol metabolism was supported by a comparison of enzymes, as previously reported (30) . It has been suggested that this system is present in Pseudomonas sp. strain C (= TK 0145) (12) and Methylobacillus glycogenes T-llT (= TK 0113T) (39) , which are included in the group 1 methanol-utilizing bacteria. The cellular fatty acid composition, quinone system, and DNA base composition of the obligately methanol-utilizing bacteria have been reported to be different from the cellular fatty acid composition, quinone system, and DNA base composition of the facultative methanol-utilizing bacteria (16, 29, 33) .
However, the obligately methanol-utilizing bacteria seem to be heterogeneous in DNA base composition (33), DNA-DNA homologies (4, 19, 33) , electrophoretic patterns of enzymes (30) , and polar lipid composition (19) . In a previous paper (331, the DNA base compositions of 17 strains of group 1 methanol-utilizing bacteria were reported to range from 50.0 to 56.0 mol% guanine plus cytosine. Furthermore, the group 1 methanol-utilizing bacteria were divided into four subgroups based on an electrophoretic comparison of enzymes (30) and into six possible subgroups based on DNA-DNA homologies (33) ; based on DNA-DNA homologies, four groups (subgroups 1, 3, 4, and 5 ) were distinctly separated from one another, one group (subgroup 2) consisted of strains with rather high DNA-DNA homology indexes, and the remaining group (subgroup 6) consisted of strains with rather low indexes compared with other groups (33). Jenkins et al. (19) reported that their obligate methanol utilizers were divided into four clusters (clusters 3 through 6) on the basis of a numerical study and two groups (cluster 3 and clusters 4 through 6) based on a polar lipid analysis. Furthermore, these authors pointed out the heterogeneity of this group of bacteria with respect to DNA base composition and preliminary DNA-DNA hybridization studies, as we reported (33) . Based on the data given above, Jenkins et al. concluded that the obligate methanol utilizers which they studied represented two distinct taxa which should be separate at least at the genus level (Methylobacillus and "Methylophilus"). However, they did not provide circumscriptions of the taxa, differential phenotypic characteristics for separation of the two taxa, and valid nomenclature for "Methylophilus." As mentioned above, the DNA-DNA homologies, electrophoretic patterns of enzymes, and polar lipid compositions do not always correlate with the phenotypic characteristics. Therefore, we propose to include these strains in a single species from a practical point of view for identification.
The group 1 methanol-utilizing bacteria seem to be similar to the obligately methane-utilizing bacteria, both group 1 and group 2 (32), with respect to utilization of one-carbon compounds and ubiquinone systems. However, the obligately methanol-utilizing bacteria differ from the group 1 methane-utilizing bacteria in terms of cellular morphology, absence of an intraplasmic membrane system, utilization of methane as a sole carbon source, and presence of 3-OH C10:o hydroxy acid (32) . Furthermore, the obligately methanolutilizing bacteria differ clearly from the group 2 methaneutilizing bacteria with respect to cellular morphology, absence of a membrane system, cellular fatty acid composition, pathway of one-carbon compound metabolism, and DNA base composition (32) .
The group 1 methanol-utilizing bacteria that we described previously (29, 30) appear to have some of the characteristics of strains in the genus Pseudomonas, and several strains have been identified as being in this genus, such as "Pseudomonas inaudita" (J. Yoshikawa Certain obligately methanol-utilizing bacteria have been identified as the members of the genus "Protaminobacter," "Protaminobacter candidus" and "Protaminobacter thiaminophagus" (K. Kouno, T. Oki, A. Kitai, and A. Ozaki, U.S. patent 3,663,370, May 1972). The genus "Protaminobacter" is not on the Approved Lists of Bacterial Names (26). Furthermore, "Protaminobacter alboflavus" ATCC 8458, the type strain of the type species of this genus, is gram positive and has a menaquinone system (31). Therefore, allocation of the group 1 methanolutilizing bacteria to the genus "Protaminobacter" is inappropriate.
Some of the obligately methanol-utilizing bacteria have been identified as members of the genus "Methanomonas." These organisms are "Methanomonas methylovora" (20) and "Methanomonas methylovora subsp. thiaminophila" (20; K. Kouno, T. Oki, A. Kitai, and A. Ozaki, U.S. patent 3,663,370, May 1972). However, the name "Methanomonas" was first given to bacteria that utilize methane as a sole carbon source (25), and this genus is not on the Approved Lists of Bacterial Names (26). Therefore, allocation of the obligately methanol-utilizing bacteria to this genus is inappropriate.
An obligately methanol-utilizing bacterium has been included in the genus Achromobacter, as "Achromobacter methanolophila" (I. Shiio, S . Otsuka, S. Kurazawa, and R. Uchio, U.S. patent 3,616,224, October 1971). This species is also not on the Approved Lists of Bacterial Names (26), and the generic concept of Achromobacter revived by Yabuuchi and Yano (37) differs clearly from that of the obligately methanol-utilizing bacteria in flagellation, utilization of onecarbon compounds, and DNA base composition. Therefore, allocation of the obligately methanol-utilizing bacteria to this genus is inappropriate. , and "Methylomonas methylovora" (21) have been cited in the literature. However, the type species of "Methylomonas," "Methylomonas methanica" (22) , is an obligately methane-utilizing bacterium, and this genus is not on the Approved Lists of Bacterial Names (26). Recently, the genus Methylomonas was revived by Whittenbury and Krieg (39, and the names Methylomonas and Methylomonas methanica have since been validated (18), but the generic concept is limited to the methane-oxidizing bacteria. Therefore, allocation of the above-mentioned methanol-utilizing bacteria to the genus Methylomonas is inappropriate.
The generic name "Methylophilus" was given to the obligately methanol-utilizing, polarly flagellated, gramnegative bacteria by Loginova and Trotsenko (23), but this genus has not been validated to date.
In 1977, Yordy and Weaver (39) isolated an obligately methanol-utilizing, nonmotile, gram-negative bacterium and proposed the genus Methylobacillus for it. This genus was established on the basis of examination of only one strain, Methylobacillus glycogenes T-llT (= ATCC 29475T = JCM 2850T = NCIB 11375T). Despite the fact that the authors recognized the presence of other publications, in which workers described similar but motile, polarly flagellated, gram-negative bacteria, at that time, they took no account of this in their proposal of a new genus. However, as mentioned above, the group 1 methanol-utilizing bacteria that we have described included both motile and nonmotile strains, although characteristics significant for separation of the motile strains from the nonmotile strains have not been found yet in terms of phenotypic and chemotaxonomic characteristics and DNA-DNA homologies (33). In addition, the group 1 methanol-utilizing bacteria that we have examined contain the strains which utilize D-fructose as a sole carbon and energy source. From the data obtained and from a practical point of view for identification, we believe, for the time being at least, that all of the group 1 methanol-utilizing, gram-negative, rod-shaped bacteria fall into a single species. Establishment of new species from Methylobacillus glycogenes or subdivision at a subspecific level may be achieved in the future after the strains are characterized more precisely. After consideration of the phenotypic and chemotaxonomic characteristics and the historical background of this group of bacteria, we propose emendation of the genus Methylobacillus and Methylobacillus glycogenes, in which the polarly flagellated organisms and D-fructoseutilizing organisms are included. The type strain of Methylobacillus glycogenes is strain TK 0113 (= Yordy and Weaver T-11 = ATCC 29475 = JCM 2850 = NCIB 11375). Consequently, all of the group 1 methanol-utilizing bacterial strains that we used in this study were identified as strains of Methylobacillus glycogenes (Yordy and Weaver) emend. Urakami and Komagata. The minimal characteristics for differentiating the genus Methylobacillus from related genera are shown in Table 4 ;acid and unsaturated C16:1 acid. The major quinone is Q-8, with Q-7 and Q-9 as minor components. Description of Methylobacillus glycogenes Yordy and Weaver emend. Urakami and Komagata. Cells are nonsporeforming, gram-negative rods with rounded ends, measuring 0.3 to 0.5 pm by 0.8 to 2.0 pm. Cells occur singly, rarely in pairs, and are motile by means of a single polar flagellum; occasionally nonmotile. Capsules are not produced. Granides of poly-P-hydroxybutyrate do not accumulate in the cells.
Cells do not grow in nutrient broth and peptone broth. Colonies on methanol-containing agar are shiny, smooth, raised, entire, white to light yellow, and 1 to 3 mm in diameter after 3 days at 30°C. Water-soluble pigments are not produced.
Nitrate is reduced to nitrite. The methyl red and VogesProskauer tests are negative. Indole, hydrogen sulfide, and ammonia are not produced. Hydrolysis of gelatin and starch and denitrification are not observed. Acid is not produced from D-glucose and D-fructose. Methanol is utilized as a sole carbon source, but methane is not. Obligate methylotroph. i~-Arabinose, D-xylose, D-glucose, D-mannose, galactose, maltose, sucrose, lactose, trehalose, D-sorbitol, D-mannitol, inositol, glycerol, soluble starch, succinic acid, citric acid, acetic acid, ethanol, and hydrogen are not utilized. Utilization of D-fructose and methylamine differs among strains. Vitamins and amino acids are not required, but several strains require thiamine for growth. Ammonia, urea, and nitrate are used as sole nitrogen sources. Urease and oxidase are produced. Catalase is produced by most strains. Aerobic. Metabolism is strictly respiratory and not fermentative.
Good growth occurs between pH 6.0 and 8.0. All strains grow at 30"C, and most strains grow at 37°C. About 50% of the strains grow at 42°C. Most strains do not grow in media containing 3% sodium chloride.
DNA base composition, cellular fatty acid composition, and quinone systems are the same as those described in the emended description of the genus Methyfobacillus. Methanol is utilized via the ribulose monophosphate pathway with incorporation of formaldehyde.
Vanations in phenotypic characteristics, DNA base composition, and cellular fatty acid composition in the species are shown in Tables 2 and 3 , and variations in enzyme profiles and DNA-DNA homology have been reported previously (30, 33) .
Description of the type strain. Type strain TK 0113 (= Yordy and Weaver T-11 = ATCC 29475 = JCM 2850 = WCIB 11375) was isolated from soil by Yordy and Weaver in 11977. Type strain TK 0113 is nonmotile, does not utilize D-fructose, and does not grow at 37°C. Its DNA base composition is 53.2 mol% guanine plus cytosine.
